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r F  ollowing  is  the  translation  of  an  article  by  G.  V.  Gar  sidy. 
Institute  of  Molecular  Biology,  AX  USSR,  Moscow,  published  in 
the  Russian-language  periodical  31 of la aha  (Biophysics)  Vol  XI, 
Xo  5,  1966,  pages  737 — 746.  It  was  su  (matted  on  11  Aug  1965, 
Translation  performed  by  Sp/7  Charles  T.  Istortag  Jr.j/ 


It  is  known  that  two  types  of  bonding  e:dBu  bbiarcen  acridines  and  DXA 


in  its  native  double  helical  configuration  H 


f.  The  first  type  of  bonding 


is  observed  at  snail  ratios  of  the  number  of  acridine  molecules  to  the  number 

>  a  u 

of  DX.I  nucleotides  (?/3  ^  f  4,  where  ?  -  the  number  of  nucleotides,  D  -  the 

number  of  acridine  molecules),  the  second  is  observed  at  large  concentrations 

<  a  4;  a  T -  At  ^  1'  -/ 

of  molecules  (acridine  P/D  ^.3  )*  ourselves ^to  an  examination 

of  a  complex  of  the  first  type.  ')  - -  | 

! 

Lerman  f% J  proposed  that  the  first  type  of  bonding  corresponds  to  the 

V 

"sandwiching"  of  acridine  molecules  between  pairs  of  DMA  bases.  Such  a 
"sandwiching"  of  necessity  is  accompanied  by  the  rotation  of  a  large  quantity 
of  various  atomic  groups  of  the  phosphate  shell  around  axes,  lying,  as  a  rule, 

-in  various  planes.  There  is  little  foundation  to  assume  that  all  these  turns 
are  rot  connected  with  overcoming  large  potential  barriers  and  do  not  require 
large  expenditures  of  energy.  Since,  however,  the  model  of  intercalation 
stems  from  such  assumptions  and  thereby  occupies  an  exceptional  place  in 
stereochemistry,  the  utilization  of  such  a  model  for  the  DNA -acridine  complex 
requires  a  more  thorough  foundation.  This  is  also  necessary  because  of  the 
detection  of  the  capability  to  interact,  by  an  analogous  method,  on  the  part 
of  non-flat  aromatic  analogs  of  acridine  or  molecules  with  large  side  chains 
Therefore  there  is  interest  in  the  construction  of  an  alternative  model, 


1* 


not  steaming  a  priori  from  the  assumption  vTiHv  w*"lC  native  configuration  of  DX1 
is  destroyed.  For  resolving  this  problem  it  is  natural  to  examine  possible 
types  of  binding  of  acridines  on  models. 

Stereochemistry  of  _the  DM-acridine  cc:  ..l-x.  In  the  formation  of  com¬ 
plexes  of  acridines  with  DXit  an  important  role  is  played  by  the  electrostatic 
forces  ofjtha  interaction  between  the  cations  of  acridino  and  the  phosphate 
groups  of  DXa,  which  is  supported  by  the  dependency  of  the  quantity  of  bound 
molecules  on  ionic  strength  /l,  2 — Aj  % 

As  is  known,  the  positive  charge  of  the  acridine  molecules  is  concentrated 
on  the  ring  nitrogen  N-q  (figure  1),  Various  substituents  may  significantly 
change  the  distribution  of  electron  density  in  the  molecule  and  the  value  of 
the  charge  on  the  N^q  nitrogen.  In  accordance  with  flj  and  the  results  of 
quantum -mechanical  calculation  /§7t  this  holds  true  especially  for  molecules 
in  which  amino-  or  dime t hylamino  groups  are  found  in  the  2,  5  or  8  positions 
of  the  acridine  ring.  These  molecules  are  characterized  by  the  existence 
of  resonance  structures,  in  which  the  charge  is  not  concentrated  on  the  N 
nitrogen,  but  on  the  nitrogens  of  the  amino  groups,  which  is  confirmed  by 
the  extremely  loir  basicity  of  the  amino  groups  in  these  positions.  fT}: . 

It  is  apparent  that  in  a  complex  of  acridines  with  DXi,  the  atomic  groups 


of  the  acridines,  bearing  a  positive  charge,  are  found  as  close  as  possible  to 
the  phosphate  groups.  From  a  stereochemical  point  of  view  it  is  most  probable 
that  the  molecules  of  acridine  are  disposed  in  a  rarrow  groove.  In  this  case, 
in  addition  to~the  electrostatic  interaction  with  phosphate  groups,  the  molecules 
of  acridine  may  take  part  in  a  van  der  Tfaals  interaction  with  bases  and  other 
atomic  groups  of  DNA. 
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For  a  detailed  description,  of  the  complex  wo  *.-'.11  compare  each  nucleotide 
with  a  specific  index,  characterizing  its  place  in  the  polynucleotide  chain, 


and  propose  that  it  increases  by  a  unit  upon  transition  from,  the  C’  at  cm  of 

d 


ribose  of  one  nucleotide  to  the  C’_  atom  of  ribose  cf  other.  This  makes 

o 

it  possible  'to  number  the  nucleotides  in  one  of  the  polynucleotide  chains.  In 
order  to  determine  the  indices  of  nucleotides  in  tha  other  chain  to  Till 


assume  that  the  nucleotides  of  the  two  chains,  bound  with  each  other  by  an 
axis  cf  symmetry  of  the  second  order,  possess  identical  indices.  If  a  molecule 
of  proflavine  (2-8  diaminoacridino)  is  placed  in  the  narrow  groove  so  that  the 
ring  nitrogen  is  found  half  way  between  the  oxygen  0___  of  the  i  phosphate 


group  of  the  first  chain  and  the  oxygen  0  of  the  i  +  3  phosphate  group  of 

III 


the  second  chain, . then  here  one  of  the  amino  groups  of  proflavine  turns  out  to 


be  located  next  to  the  oxygen  0  of  the  i  1  phos-hate  group  of  the  first 

in 


chain,  and  the  other  -  next  to  the  oxygen  0T__  of  the  i  +■  2  phosphate  of  the 


second  chain  (figure  2).  Tie  conditionally  designate  one  of  the  polynucleotide 
chains  as  the  first,  Kurnick  [%J  put  forth  the  proposal  on  the  importance  of 
the  congruence  of  the  distance  between  the  amino  groups  and  the  phosphate 
groups  of  DN1.  The  distance  'between  the  centers  of  gravity  of  the  i  and  the  3 


0TTT  -  atoms  of  the  two  polynucleotide  chains  is  expressed  in  cylindrical 


coordinates  in  the  following  manner  d*lj  r*£/~  CoS  Ofy"  )  ~ 

where  r  -  the  radial  distance  of  0T-rT  atoms  from  the  axis  of  the  helix;  j 
-  the  azimuth  angle  of  the  i  and  3  atoms  correspondingly;  -2/  ,  -  the  2" 

coordinates  of  these  atoms  (designations  of  atoms  and  the  system  of  coordinates 
are  the  same  as  in  the  paper  ^1£7) .  Using  the  coordinates  of  the  DX1  atoms  for 
model  HI  of  Langridge  et  al.  /lOj  we  find: 


3 


responsible  for  the  I0ng-v.-3.vc  shift  of  the  adsorption,  spectrum  for  the  complex 
of  proflavine  with  DX&  fjJ ,  since  the  overall  length  of  the  combined  system  of 
bonds  is  increased.  This  change  of  optical  properties  can  be  v  ie  we  as  an 
obvious  result  of  the  L  ondonov  interaction  beta-can  the  molecule  of  acridine 
and  the  bases  of  the  1X1.  It  is  evident  that  it  cannot  be  an  argument  in 
favor  of  a  model  of  intercalation,  since  analogous  spectral  changes  are  ob¬ 
served  during  coaplcxing  with  1M1  molecules  ,  the  inner  building  of  which  is 
excluded  /lo,  167.  Moreover,  such  an  interpretation  encounters  difficulty, 
since  the  absorption  spectra  do  not  uhdergo  any  changes  at  such  pH  values, 
when  various  groups  of  bases  are  titra^d  /. 

Acridines,  in  vhich  there  are  no  substituents  in  the  2  and  8  positions 
of  the  acridine  ring,1  may  have  a  somewhat  different  orientation  in  the  narrow- 
groove.  Since  d'  *  then  it  is  more  probable  that  the  molecule 

is  disposed  in  such  a  way  that  the  nitrogen  is  found  between  the  oxygens 


of  the  i  and  the  i  +•  2  phosphate  groups.  He  propose  that  both  these  oxygens 


carry  a  negative  charge,  an  excess  of  which  can  always  be  neutralized  by  Xa 


J 

is  filled  with  water. 


cations,  and  the  free  space  remaining  in  the  narrow  groove  is  filled  with  wate 
The  aromatic  ring  of  the  acridine  molecule  is"submorged'’  in  the  narrow 
groove  and  its  interaction  with  the  bases  and  other  atomic  groups  apparently 

Ji  v 

bears  mainly  a  van  der  I’aal  nature.  In  certain  cases  the  conditions  for  such 
an  interaction  are  particularly  favorable.  For  example,  the  methyl  groups  in 
the  3  %nd  7  positions  in  acridine  yellow  are  found  in  contact  with  aliphatic 


groups  of  ribose,  and  the  amino  group  da  the  5  position  in  the  molecule  of  • 

2-5  diaminoacridino  probably  interacts  with  the  formation  of  a  hydrogen  bond 
with  the  carbonyl  group  of  thymine.  This  may  correlate  with  the  strong  mutagenic 
action  of  such  compounds  [yfj »  The  mechanism  of  mutagenesis  through  acridines 


i 


is  probably  connected  with  the  mechanism  of  genetic  recombinations,  /i7,  1«7. 
The  circumstance  that  acridines  form  "clamps''  between  the  i  and  the  i  *  1 
or  the  i  and  the  i  +•  2  nucleotides  of  the  two  chains  may  lead  to  an  increase 
in  the  frequency  of  uneven  crossing  over  with  the  deletion  or  insertion  of 
one  pair  of  bases  ££&/• 

It  may  also  be  responsible  for  the  increase  in  the  melting  temperature  of 
DXA  during  ccsnplexing  with  acridine  orange  /l5,  1C/. 

In  the  described  complex  one  molecule  of  proflavine  falls  on  4  phosphate 
groups,  which  explains  the  limiting  ratio  of  the  number  of  bound  molecules  to 


the  number  of  nucleotides.  For  the  "strong"  binding  of  proflavine  it  equals 
l/4  €/.  Apparently  this  limiting  ratio  should  be  in  all  acridines,  though 

its  value  may  differ  somewhat  from  l/4  /c7. 

It  can  also  be  expected  that  acridines  decrease  the  flexibility  cf  the 
DXi£  molecule  and  thanks  to  this  increase  the  viscosity  of  the  BXA  solutions  /By. 

The  energetics  of  binding  of  acridines  also  does  not  contradict  the  proposed 
model.  It  has  been  shown  that  for  a  molecule  of  proflavine  at  room  temperature 
enthalpy  of  binding  comprises  -  5.2  kcal/nole,  and  entropy  +  7.5  cal/mole  •  degrees 
that 'is,  the  binding  of  proflavine  is  accompanied  by  a  considerable  increase  of 
entropy  /2Cj ~f .  Apparently  this  increase  is  the  result  of  the  displacement  by 
proflavine  of  a  significant  quantity  of  water  molecules,  found  in  the  narrow 
■suriw.  The  breakdown  of  the  hydrate  membrane  of  proflavine  during  its  binding 

with  DNA  could  lead  to  a  certain  increase  of  entropy. — This  apparently  is  an - 

unique  possible  explanation  for  the  model  of  intercalation.  The  plane  of  the 
aromatic  ring  of  acridine  forms  a  certain  angle  with  the  plane  of  the  bases.  Its 
value  may  be  diverse  for  different  acridines,  tut  it  is  always  found  within  the 
limits  of  0*^0  i  which  does  not  contradict  data  based  on  the  measuring 

of  dichrenism  in  a  stream  and  polarization  of  fluorescence 


It  v?s  also  dcmonsti-atcd  that  a  molecule  c f  actir.csr.-y car.  is  sot  formed 
bots-X'..'.  the  pair  of  BM\  oases,  sir.ee  the  plr.se  cf  its  aromatic  ring  forms  an 
angle  of  23°  +  5°  with  the  plane  of  the  bases  *’-/Y  At  the  s:r.-.e  tir.:c  there  is 
a  basis  to  propose  that  the  -mechanism  of  binding  actinc-rrycir.  and  a  xr.' dines  is  the 
same  £lo,  22/.  The  proposed  model  can  probably  bo  extended  to  certain  other 
dyes  —  methylene  blue,  safrar.ine;  etc. - 1 — — — — —  ~  . ~  """ 


Eif fraction  of  X-rays  on  fibers  of  DMl-pr oflavine . 

__  o 

Leman  /5/  detected  that  a  3.4  A.  meridional  reflexion,  corresponding  to  the 
codal  projection  of  the  pair  of  bases,  is  retained  on  the  diffraction  pictures 
from  oriented  gels  of  D XI.  However,  the  characteristic  distribution  of  the 
reflexions  on  layer  lines,  corresponding  to  the  DM t  configuration  in  the  B-forrn, 
disappears.  Leman  interpreted  this  change  of  diffraction  pictures  on  the  basis 
of  the  model  of  intercalation.  However,  such  an  interpretation  cannot  be  con¬ 
sidered  as  conclusive,  since  such  a  change  of  diffraction  pictures  may  be  caused 
by  a  number  of  reasons.  In  particular,  a  deterioration  in  the  packing  of  the 
DMA  molecules  in  the  fiber,  without  a  change'  of  their  configuration,  leads  to 
the  disappearance  of  the  acute  reflexions  on  many  layer  lines  A  certain 

change  in  the  configuration  of  the  phosphate  frame  does  not  contradict  the  pro¬ 
posed  model.  Thus  the  distance  between  the  i  +  1  and  i  +  2  oxygens  Ojjj  of  the 

o  o 

two  chains  decreases  from  13.5  &.  to  ^  12  A.  A  certain  change  should  also  be 
expected  in  the  coordinates  of  the  atoms  of  the  i  and-i_-fe-3_nucleotides. — If  .- — - 
some  of  these  base  pairs  merge  in  the  plane,  perpendicular  to  the  axis  of  the' 
•molecule,  then  the  change  in  the  configuration  of  the  shell  may  be  more  signif¬ 
icant.  In  accordance  with  the  proposed  model  the  interaction  with  proflavine  is 
accompanied  by  the  displacement  of  a  significant  amount  of  water  molecules  from 
the  narrow  groove  and  the  formation  of  vacuums  in  it.  It  is  also  possible  that 


this  provides  a  certain  contribution  in  the  diffraction  fro a  rot  gels. 

Scattering  of  X-rays  at  snail  angles.  Luuzati,  Leman  and  Mason  £1$ 
detected  that  in  solution  the  DNl-proflavine  corn  lex  scatters  X-rays  like  a. 
rod-like  particle,  the  mss  per  unit  of  length  and  radius  of  inertia  of  rhich 
is  less  than  the  mss  per  unit  of  length  and  radius  of  inertia  cf  the  DM1 
itself.  The  authors  suggest  that  this  result,  and  also  the  fact  of  the  retention 
of  the  3.4  .£  meridional  reflexion  in  DML-proflavine  gels,  excludes  any  "external” 
Joining  of  the  proflavine  molecule.  Therefore  re  will  examine  this  experiment 
in  more  detail. 

If  there  is  a  solution  of  rod-like  particles  and  )  -  is  the 

function  describing  the  distribution  of  electronic  density  in  such  a  particle, 
and  Q0  -  is  the  electronic  density  of  the  solvent;,  then  in  accordance  with 
the  Babine  principle  such  a  solution  will  scatter  X-rays,  since  particles  with 
an  electron  density  Q.  0  ,  found  in  the  vacuum,  scatter. 

Luzzati,  Nicolaeff  and  Mason  '  showed  that  in  actuality  at  a  low  ionic 
strength  solutions  of  DML  scatter  X-rays  as  rod-like  particles,  the  mass  per 
unit  length  and  radius  of  inertia  of  which  correspond  to  the  Mats on-Crick 
model  /2^.  This  means  that  the  electron  density  of  the  solvent  in  the  vicinity 
of  the  DN1  molecule,  for  example,  in  its  grooves,  does  not  differ  strongly 
from  the  electron  density  of  the  solvent  filling  up  the  inter-molecule  spaces. 
The  interaction  of  proflavine  with  DM1  may  lead  to  a  change  in  the  average 
electron  density  in  the  grooves  cf  DM1. 

For  the  majority  of  a  priori/nodelsy'possible)  of  "external"  joining  of 
proflavine  to  DXS,  the  amplitude  of  scattering  in  the  solution  equals  the 
amplitude  of  scattering  from  the  DMt-proflavine  complex  in  the  vacuum  minus  the 
amplitude  of  scattering  from  volumes  of  DM1  and  proflavine  filled  with  solvent. 
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groove,  the  latter  statement  ceases  to  be  true.  A  molecule  a  A  prcflavrr.e  inev¬ 
itably  displaces  f?oa  the  narrow  groove  a  considerably  greato  -  number  of  x*atcr 
molecules  than  £ki&  “ouid  be  expected  from  the  value  cf  the  : . .'heavier  relume 
of  proflavine.  ■  Therefore  ever,  with  small  concentrations  cf  proflavine  the  aver¬ 
age  electron  density  of  the  substance  in  the  narrex*  groove  differs  from  the 
electron  density  cf  the  solvent.  Scattering  fx-cn  the  3'w-p  r  of  la  vine  complex 
can  bo  described,  having  assumed  that  it  is  characteriz ed  by  a  large  value 
for  the  scattering  volume  - .  -  .  ■  .  .  . . 

"Hl**  ~°1  (l) 

where  ~V..  -  is  the  scattering  volume  of  the  DhLT-prcflavine  cor.  a  lex,  “it 

the  volume  of  2X1  ( non-hydra  ted) ,  “V  -  the  volume  of  the  narrow  groove. 

T'e'wili  assume  that  the  volumes  ~V^  ,  Xy  and  "V  are  calculated 
for  one  pair  of  bases.  The  specific  volume  of  the  -proflavine  complex  is 


~i>f  +~V 


) 


(2) 


vrhere  -  is  the  average  electron  density  of  DMA.  p  -  the  average 

electron  density  of  the  substance  in  the  narrow  groove. 

In  the  first  approximation 

f-  p0- 3  y~v,  <3) 

where  y - --is  vhe  ratio  of  the  number  of  moles  of  bound  proflavine  to  the  - 

number  of  moles  of  the  base  pairs,  "ft.  -  the  positive  or  negative  number, 
not  depending  on  . 

lie  will  proceed  from  the  assumption  that  the  mass  per  unit  length  of  the' 
DXA  itself  when  complexed  with  proflavine  changes  ins ignif i cantly . 
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Such  an  aa*umniiea  is  natural  for  this  model,  since  during  cGr.plexing  the 
3,4  A  meridional  reflexion  is  retained  f£Z .  This  makes  it  possible  to  obtain 
the  following  expression  for  the  mass  per  unit  volume  of  the  IMl-proflavL »e 


complex: 


Pc  — 3  XV 

a.  =  u...  -r  -  v  -n 


La  ~  h  1 


Jt,j  -  the  mass  per  unit  volume  of  IMl  (noa-hydiatod) ,  h  =  3.33  a. 

The  intensity  of  scattering  from  a  solution  cf  rod-like  particles  _/b3,  21/  is 

i„  (0=  0-po-pfc  u.  j_ . 

For  slotted  collimation  /Sj7 

X(t)=Afe*r(^W)Ktfr£rt1 


where 


/6*  - 


A-^0'-pe^Y 

the  radius  of  inertia  of  the  particle 

^ -?//*  &  _ 

5-  ^  -i 


-  the  concentration  of  scattering  particles,  expressed  by  the  ratio  of  the 
number  of  electrons  for  the  particle  to  the  number  of  electrons  for  the  solution 
For  the  DNA-proflavine  complex 

PVr+-fr'v-2wtJ 

^  rm  dV  — • f-r- - - —  (R\ 


-  concentration  of  DXitj  <2-  -  ratio  of  the  number  of  electrons  for  a 
molecule  of  proflavine  to  the  number  of  electrons  for  the  pair  of  bases, 

Q*  m  0.324;  ft  -  ratio  of  the  number  of  moles  for  proflavine  to  the  number  of 
moles  for  the  base  pairs. 

From  (2),  (3),  (4)  and  (6)  we  find 
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_  (rrOVt-iwy 

-2.  34 p  v,  (' t-u  ,a.  sy 

*  *  *  i 


(7) 


Sinco  dCj  4^  ^  '/ 


i 

1 

.  (±) 

1 

\4f  ) 

ft 

(S) 
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Using  experimental  values 
it  is  possible  to  construct  the  dependency 


for  the  moaning  of  (^j~  ^ 


/j-H 

(v 


for  various  £>  , 
on  ^  . 

The  resulting  experimental  curve  '..•as  processed  by  the  method  of  the 
least  squares.  It  turned  out  that  the  dependency  ox 
(figure  3)y  and  is  satisfactorily  vri+ten  by  the  equation 


fa  \  'd 

(  £  j  on  p  is  linear 


ft 


A 


tDSf3  i~3*cJ 


o 


(9) 


In  comparing  the  experimental  curve  with  the  dependency  (S)  in  the  assump¬ 
tion  that  ~\f  *»  ^  ,  we  find  c2>C X?  =  40.6. 

Tho  volume  of  tho  narrow  groove  ~U  ,  limited  by  the  planes  21  =  0  , 

~~2_  «  3.S6  perpendicular  to  the  axis  of  the  molecule,  and  the-, cylindrical 
surface,  passing  through  the  centers  of  gravity  of  the  phosphate  groups,  is 
approximately  300  5.*  for  the  langridge  model  III  and  others.'  Fi*cm  here  - 


O'l' cf if 3  . 


n. 


Ke  now  evaluate  the  average  density  of  the  substance  dr.  the  narrow 
groove  when  it  is  filled  with  proflavine,,  In  the  narrow  gro  ve  a  noloculo 
of  proflavine  occupies  the  space  corresponding  to  two  pairs  of  bases.  An 
examination  on  Kurto  models  shows  that  in  this  volume  in  the  presence  of  a 
molecule  of  proflavine  it  -is  possible  to-  find  no  more  than  3—1  molecules 
of  water.  The  average  density  in  the  narrow  groove  when  it  is  most  densely 
filled  with  proflavine  is 


r= 


where 


£  -  the  number  of  electrons  of  the  proflavine  molecule, 

jfY\  -  the  total  number  of  electrons  of  the  water  molecules  which  remain 
in  the  volume  3-XJ  after  the  fitting  of  the  proflavine  molecule 


*_  110  +  3- 10  _  .  ,,  /  ?  3 


P  = 


&CO 


0.23*/ A* 


from  here  >C  »  Q,  j  ^ ft  . 

This  evaluation  shows  that  the  average  electron  density  of  the  substance 
in  the  narrow  groove  when  it  is  filled  with  proflavine  is  less  than  the  average 
density  of  the  solvent.  Koreover,  with  the  extremely  rough  assumptions  made 
its  quantitative  value  is  found  in  reasonable  accordance  frith  the  experiment. 
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,e  no-c  that  for  other  models  of  "externa!1*  cc-'-‘  -r-  r-' 

s ^  \  p  - -  cc"  /-“-r‘o  C-  prci  _avme  the  value 

°f  inCrCaSeS  ****  devcl0-c-  c~  f  (if  is  assumed  that  the 

configuration  of  DM1  is  not  changed).  It  is  known  that  sever *1  typss  of 

binding  of  proflavine  with  DM1  exist  /l,  £/'. 

If  this  takes  place  under  e^erimcntal  conditions,  then  the  observed 
value  of  I  cL(JL\^  is  lowered.  -  -  -  --- . :  ...  ’  . 


In  tra.s  nan.4cr  it  *s  possioxo  to  cxp_aun  the  lessening  of  the  radius  of  inert 
la  truth,  for  the  DMl-prbflavine  complex 


n-.  _  _ y 


iS  lX*+yS) 4  -  SJ  *1  r  ®  C**  -r  a*)  t?  Cr.  *  i)  -  MA 

_  -J  • 


or 


Vij  ‘,0‘  ,J‘ 2)  —  r'“>  tyi  -r  \\\  I?  ;jf.  if. :)  -i-  ?„!  cj 

y» 


Rl,  =  ~~  f  fr  -  ?..)  g  U-  ^ia 

f’lt'i  —  IVi  -i-  ~u  —  p„y 


Halving  use  of  (3)  to  find: 


Re  =  ~  ~  -xv~'  jv-  —  u~U 


—  .Vi  —  2*  v  •  y 


were  -  is  the  radius  of  inertia  of  DXA.  (without  the  Na+  ions), 

fe*  +33]v  “  the  averaSe  square. .of  the  distance  _fren  the  axis  for  points, 
found  in  the  space  of  the  narrow  groove  (averaging  based  on  the  space  of  the 
narrow  groove).  interpolating  the  designation  S~  so —  <Y'~~  — 

and  disregarding  the  high  powers  /  \  ^  ^ 


i-r 


vo  find 


r  * « /«  i  *f  ■  -  -  //-!  v «  ^ 


This  dependency  is  obtained  under  the  assumption  that  DML  av.d  not  its  sodium 
salt,  interacts  with  proflavine.  If  SJ  *  \  of  proflavine  molecules  are 
bound  with  a  molecule  of  DMY,  having  fl  "airs  of  bases,  then  they  replace 
V*  ft  •  Na+  ions.  Taking  this  circumstance  into  consideration,  for  the 
average  radius  of  inertia  for  tho  comp of  DMA  sodium  salt  with  proflavine 
wo  obtain  ^ — V '  (7?c  “  : 

where  /^,  -  is  the  radius  of  inertia  of  DM1  Xa+  or 

*c.  -Rc-HRc-Rc,)-^  fEEZk-  (14) 

For  the  Langridge  Model  IH  and  others  £LzJ  *»  6.95  J!,  the  experimental 

significance  of  the  value  [\.(>  =8.4  A  .  The  value  ^  7,3 

Making  use  of  these  values  to  find 


Rc,  *  /?c  —  1 ,45v  —  0,2  — - — 

1—0  ,X!v 


The  values  of  the  radius  of  inertia,  obtained  from  (15)  under  the  assump¬ 
tion  that  =  |d?  ,  are  found  in  satisfactory  agreement  with  the  experimental 

values  (see  the  table).  The  low  angle  scattering  from  a  rod-like  particle 
is  established  by  the  parameters  pt  and  and  therefore  does  not  contradict 

the  proposed  model.  > 

Luzzati  et  al.  detected  an  increase  in  the  scattering  capacity  of  DMA 

in  solutions  of  NaCl  and  NaBr.  It  is  logical  to  assume  that  the  additional _ 

scattering  capacity  is  characterized  by  a  larger,  in  comparison  with  the  surround- 

ing  solution,  concentration  of  cations  and  a  lesser  concentration  of  anions.  An 

anal/  gous  increase  of  scattering  capacity  apparently  takes  place  for  the  cesium 

+ 

salt  of  DMA  as  a  result  of  the  great  scattering  capability  of  Cs  .  It  is  little 


probable  that  DM1  Cs  ia  an  isotropic  solatia;',  has  a  configuration  which  is 
different  from  the  Mat son- Crick  model  A-_p .  Kcveruheless  the  sr.all  angle 
scattering  from  gels  of  BMI  Cs  is  found  in  good  accordance  with  this  model,  pl'fj 
It  is  known  that  the  small  angle  scattering  in  gels-,  in  contrast  to  scattering 
in  solutions,  depends  little  on  the  value  of  the  specific  capacity  of  the  particle 
and  therefore  probably  gives  a  mere  reliable  value  for  the  mass  per  unit  length. 


The  interaction  of  acridines  with  DM1  is  distinguished  from  the  inter¬ 
action  of  metal  cations  with  it  by  the  fact  that  for  acridines  there  exist 
additional  limitations,  connected  with  the  packing  of  the  massive  organic  cation. 
The  narrow  groove  corresponds  to  that  part  of  the  surface  of  the  DM1 — cylinder, 
which  is  characterized  by  the  maximum  surface  density  of  the  charged  phosphate 
groups.  Therefore  it  is  natural  that  there  should  be  a  primary  disposition  of 
cations,  metals  and  acridines. 
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Figure  2.  Three  dimensional  model  of  the  proflavine — DX1  ccnolox. 
Coordinates  of  the  nitrogen  atoms  of  proflavine  amino  groups 
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The  possibility  of  the  formation  of  a  fydrogen  bond  with  the  eni 
is  not  excluded. 
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